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Abstract  
The internal environment within an unconditioned wine barrel store, constructed from 
insulated concrete panels and located in south-eastern Australia, has been investigated during 
a summer and winter month. Average temperatures inside the store were found to be 13.70 
and 22.80C in the winter and summer month respectively. A validated mathematical model of 
the store was used to investigate the contribution of the concrete walls, insulation and the 
wine itself to the internal thermal environment. The concrete walls were found to be the least 
influential. 
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Introduction 
Commercial wine stores differ in some important design and operational aspects from other 
commercial buildings. Firstly, like other food and beverage stores, they are designed for the 
stored product, not for human beings, and so for example there is no need for windows. 
Likewise, there is no requirement for a minimum air exchange rate as the building is often 
unoccupied. As in other stores for perishable (or at least spoilable) products, a stable 
temperature and humidity within certain ranges is the objective of the building designer, the 
acceptable temperature range depending on the wine variety. A further feature of a wine store 
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is that, when fully loaded, it is a structure with a very high thermal capacitance due to the 
large quantities of liquid within the building. 
 
This paper evaluates the thermal performance of an unconditioned wine barrel store 
constructed from insulated concrete sandwich panels, using both direct measurement and 
simulation. In the first part of the paper, the measurements of the internal temperatures and 
relative humidity during a summer and winter month in year 2000 have enabled a comparison 
between the actual conditions in the store with those desired by the owner. In the second part 
of the paper, these measurements are used to validate the predictions from a simulation model 
of the store. This model is then used to quantify the contribution of key building elements, 
namely the insulation, concrete and the wine itself to the thermal conditions created in the 
store. 
 
Background 
Scotchman’s Hill Winery is situated on a peninsula and is approximately 20 kilometres from 
the city of Geelong on the southern coast of Victoria. The winery is located in a cool 
maritime climate that experiences extreme temperature fluctuations, not only from season to 
season but from day to day. The winery was established in 1982 and began producing wines 
in 1984 from 300 acres of vines. The winery produces over 1000 tonnes of wine per annum, 
including Chardonnay, Pinot Noir, Shiraz, Merlot, Cabinet Sauvignon, Riesling and 
Sauvignon Blanc.  
 
At the Scotchman’s Hill winery, the optimum storage facilities for the fermentation and 
maturation of their red and white wines is considered to be between 150 and 200C. Humidity 
levels are also extremely important in the storing and fermentation of wines and 70-80% 
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relative humidity is regarded as being the desired level. The winery experienced problems 
with its original wine storage facility. The building had poor thermal qualities and was 
affected by external temperature and humidity fluctuations, which in turn affected the wine 
fermentation and maturation process. As a result the winery constructed a new wine barrel 
store in 1998 in order to eliminate or at least reduce these problems. 
 
Building Description 
The newly constructed barrel store, which has no air-conditioning system, is a large 
rectangular structure, measuring 42.1 metres by 20.1 metres. The long axis of the building 
lies in an east/west direction. The eave height is 6.53 metres and the roof has a 120 pitch. The 
north-facing roof is made from bituminous shingles glued to 15 mm thick plywood and the 
south-facing roof is corrugated steel sheet. There is a 50 mm layer of polystyrene insulation 
below both sections of the roof. The walls of the building are constructed from 
Thermomass® panels, which consist of two outer layers of concrete, which  "sandwich" a 
central layer of polystyrene foam insulation. In the case of the wine store, the inner and outer 
concrete layers are 65 mm and 150 mm thick respectively and the thickness of the foam 
insulation is 50 mm. Thermomass® covers 94% of the north wall, with two timber access 
doors making up the remaining wall area. Likewise, 96% of the south wall is Thermomass®, 
the remaining area being a large steel roller door and a small steel exit door. The east and 
west walls of the barrel store are identical in shape and size and are constructed entirely from 
Thermomass® panels. There are no windows in the building. At any one time, there are 
between 800 to 1000 barrels of wine in the store on racks for maturation and/or fermentation 
(Figure 1).  
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Figure 1 Typical view of wine barrels stacked within the store 
 
 
Instrumentation and Measurement 
Temperature sensors (Type T thermocouples) were used to measure the internal dry and wet 
bulb temperatures and were placed opposite one of the large panel doors, approximately 
halfway across the building (Figure 2). While this location was not ideal because of its 
relative proximity to the door, it was chosen because the sensors could be conveniently fixed 
to the side of racks in this section of the store. There was some concern that suspended 
sensors in a central and possibly more thermally representative section of the store may be 
damaged by the forklift used to move barrels in and out of the store. The dry bulb sensors 
were located 0.3 and 5.0 metres above floor level. Sensors were also placed within each of 
the walls, either side of the insulation, at a representative site. A wet bulb sensor was set up at 
0.3 metres above floor level, adjacent to the dry bulb sensor. The difficulty in maintaining a 
moist sensor at the 5.0 metre level precluded the measurement of relative humidity at this 
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height. Climatic data was recorded from a weather station located in the field beside the wine 
barrel store. Data was recorded every ten minutes.  
 
Figure 2 Location of the sensors at the winery barrel store
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Experimental Results and Discussion 
In order to evaluate the thermal performance of the wine experimentally, two periods of 28 
days in summer (February 7th to March 4th) and in winter (June 6th to July 3rd ) respectively 
were analysed in detail. The two periods were considered long enough to account for 
seasonal and daily variations in the local climate. 
 
Stratification 
Analysis of data indicated that overall there was a mean temperatures of difference 0.1 and 
1.70C at 0.3 and 5.0 metre heights in the winter and summer periods respectively (Table 1). 
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These mean values are comparable with data measured in another insulated wine store, where 
little or no diurnal variation (i.e. ±10C) was reported in the insulated area of one store at 
heights of 0.5 and 3.7 metres [1]. However, a much greater variation in temperatures was 
found on individual days in the Scotchman's store. The stratification was most acute in 
summer in the early afternoon. For example, the maximum difference of 5.70C between the 
air temperature at the top and bottom of the store was recorded at 3.40 pm on one particular 
day during the summer period (Table 1).  
 
The maximum temperature difference of 3.70C during the winter period, however, was 
recorded at 8.30 am and occurred on the day when the minimum temperature measured in the 
store was also recorded. This event followed three days of very low ambient temperatures, 
which had presumably lowered the temperature of the concrete floor and hence reduced the 
temperature of the air adjacent to the slab. Seasonally, there was an approximate difference of 
8-90C in the mean store air temperature at the lower and upper heights respectively (Table 1). 
White et al. [1] only reported data over a 7-day period and since no seasonal data was 
presented, a comparison with the Scotchman's store was not possible. 
 
 Summer Period Winter Period 
height (m) 0.3 5.0 0.3 5.0 
mean store air temperature (0C) 21.7 23.4 13.9 14.0 
store air temperatures at time of 
maximum difference (0C) 
23.6 29.3 9.2 12.9 
 
Table 1 Mean store temperatures and temperatures at times of maximum stratification 
during summer and winter periods 
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Store Dry Bulb Temperatures 
Figure 3 shows the average of the dry bulb temperatures at 0.3 and 5.0 metres recorded inside 
the wine store together with outside (ambient) and the temperatures within the north wall 
(either side of the insulation) during one of the weeks (7th - 13th February) in the summer 
period. The internal store temperature remained between 190 and 250C, when the external 
conditions varied between 110C and 370C. The significant temperature drop experienced on 
the 11th February was almost certainly caused by the opening of the large doors to add or 
remove wine barrels, since the outside temperature at that time was only 150C. However, the 
effect was only temporary and had very little long-term influence on internal store 
temperature.  
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Figure 3 Temperatures inside and outside wine store and within north wall in summer 
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Figure 4 shows similar temperature data for a week (6th - 12th June) during the winter 
evaluation period. The internal store temperature varied between 130 and 150C, again being 
consistently more stable and showing less variation than the ambient temperature, which was 
always lower than 150C. The temperatures at the interface of the outside layer of concrete and 
the insulation again reflect the variations in ambient temperature, as well as the influence of 
solar radiation on the outer wall. Similar patterns and behaviour were observed on the other 
three walls in both summer and winter. 
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Figure 4 Temperatures inside and outside wine store and within north wall in winter 
 
 
The temperatures of the inner concrete surfaces either side of the insulation reflect the 
ambient and internal store conditions respectively, thus demonstrating the effect of the 
internal insulating layer. The thermal lag effect on the wall temperatures with respect to the 
outside air temperature can also be seen in both summer and winter. It is interesting to 
observe, however, that the internal air temperature generally peaks earlier than the outside 
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wall temperature and occurs closer in time to the peak temperature of the outside air. This is 
particularly apparent in summer (Figure 3) and indicates that the internal air temperature is 
driven by factors other than the heat transferred by the walls.  
 
Normally this would indicate the influence of the outside air, either by ventilation or 
infiltration. Since there is no forced ventilation, this reason can be discounted. The building is 
also estimated to have a low level of infiltration because of its construction method and 
materials. The significant effect of opening of the large doors has been noted earlier and it is 
considered unlikely that opening of a smaller door could have caused this coincidence of 
peak air temperatures. The most plausible explanation is therefore that heat transfer through 
the roof, which only has a moderate level of insulation, and the heat gain from the lights are 
influencing the average internal air temperature. 
 
Relative Humidity 
The humidity levels within the wine store at 0.3 metres were compared with the outside 
ambient humidity levels. Figure 5 shows the internal relative humidity levels in comparison 
to the external humidity levels for the first week (7th - 13th February) of the summer period. 
The internal levels were consistently between 55% and 65%, whilst the external levels ranged 
from 20% to 100%. Figure 6 shows the internal relative humidity levels in comparison to the 
external humidity levels for the first week (6th - 12th June) of the winter evaluation period. 
Again, the internal humidity levels were far more consistent than the external conditions. The 
internal levels ranged between 80 and 90%, whilst the external levels were as low as 50% and 
as high as 100%. Similar patterns were observed for the other three weeks of the evaluation 
periods. 
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Figure 5 Comparison of internal and external relative humidity levels for first week of 
summer evaluation period 
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Figure 6 Comparison of internal and external relative humidity levels for first week of 
winter evaluation period 
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Model 
The experimental data collected provided an opportunity to develop and validate a model of 
the wine store using the simulation program, TRNSYS [2]. The thermal properties of the 
building materials used in the simulations were taken from [3] and are shown in Table 2.  
 
Material Conductivity 
(W m-1 K-1) 
Specific Heat 
(kJ kg-1 K-1) 
Density 
(kg m3) 
Concrete 2.0 0.90 2240 
Polystyrene 0.03 1.21 43.0 
Timber 0.12 1.21 540 
Shingles 0.13 1.26 1100 
Steel 45.3 0.50 7830 
 
Table 2 Building parameter values used in simulations 
 
Infiltration rates were assumed to be low and were set at 0.2. The presence of the wine barrels 
within the store was simulated by the inclusion of an internal "wine wall" with the same 
surface area and capacitance of one thousand 225 litres barrels of water. The heat input from 
personnel working in the store and the internal lighting was assumed to occur only on 
weekdays in daylight hours (Table 3). The store is used for fermentation as well as 
maturation of wines and this process would normally add heat to the internal environment. 
However, the fermentation period did not coincide with the time periods investigated and 
hence was neglected. Likewise, the operation of a small gas powered forklift vehicle used to 
move barrels within the store would also add heat to the space, but its use was only 
occasional and this heat input was also neglected. 
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Variable Assumption Value Schedule 
Personnel One person doing light work 185 W 8.30-16.30, 5 days/week 
Lights 13 lights @ 445 Watts/unit 5.8 kW 8.30-16.30, 5 days/week 
 
Table 3 Values of non-climatic heat gains and schedules used in simulations 
 
Default program values of heat transfer coefficients (internal and external) were used and the 
sky temperature was assumed to be 12 degrees below the ambient temperature. The effective 
boundary temperature on the underside of the slab was assumed to be three degrees above 
and below the average annual mean ambient temperature of 150C in Melbourne for the 
summer and winter periods respectively. 
 
Simulation Results and Discussion 
The temperatures measured during the two periods were compared with predictions from the 
model using the same climatic data i.e. solar radiation, ambient dry bulb temperature and 
relative humidity (Figures 7 and 8). In Figure 7, the effect of choosing different values (30C 
and 350C), as well as the measured value, for the initial simulation temperature has also been 
shown. The thermal “memory” of such a high capacitance building (concrete walls and nearly 
one quarter of a million litres of fluid) is evident because in both cases the three "predicted" 
curves only merge after about 14 days of the simulation. This result concurs with other 
literature describing the simulation of high-mass buildings. Meldem and Winkelman [4] 
report that an 11-day warm-up period was required for a house with 100 mm thick concrete 
walls with exterior insulation to reach ‘dynamic steady state’. 
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Figure 7 Comparison of measured and predicted results for winter period 
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Figure 8 Comparison of measured and predicted results for summer period 
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A comparison between various measured temperatures and predictions made using the  
measured temperature as the initial simulation temperature was made (Table 4). The average 
hourly predicted temperature within the store is approximately 0.50C below the average 
hourly measured value in both periods. While the maximum and minimum predicted 
temperatures are within 1.90C of the measured values, the days on which these are predicted 
to occur are not the same days on which they were actually measured. The maximum and 
minimum predicted temperatures are also lower and higher respectively than the measured 
values, possibly indicating a lower level of thermal capacitance than has been assumed.  
 
Although on most days the trend of the measured rise and fall in store temperature is 
followed by the predictions, there are some discrepancies, particularly the days, 25-26th 
February and 2-3rd March (Figure 8). The predicted store temperatures on these days are less 
than the measured values. It is believed that these differences are caused by greater 
infiltration than had been allowed for in the simulations due to the opening of the large doors 
at times of high ambient temperatures. The peak daytime ambient temperatures on these days 
are greater than the store temperature and any increase in the infiltration rate would have 
raised the predicted store temperature.  
 
While predictions on some individual days are inaccurate due to uncertainties about main 
door opening times, reasonable agreement has been achieved over the two extended periods 
with significantly different climatic conditions. The coefficients of variation of the predicted 
data in summer and winter were both found to be 0.06. A value of 0.10 or lower would be 
acceptable for a model of this type. Hence the model was considered to be accurate enough 
under a variety of conditions to carry out the parametric study. 
 15
 
Parameter Measured 
(0C) 
Predicted 
(0C) 
Winter Period 
Average temperature 13.7 13.3
Maximum temperature 15.8 15.4
Minimum temperature 10.0 11.9
Summer Period 
Average temperature 22.8 22.2
Maximum temperature 26.5 25.0
Minimum temperature 19.9 20.2
 
Table 4 Comparison of average, maximum and minimum temperatures  
(measured and predicted) in wine store in summer and winter periods 
 
The validated model was used to investigate the contribution of the wine, concrete walls and 
insulation to reducing the swings in air temperature within the store. The same two periods 
were therefore simulated as before, but with the following changes 
 replacing the inner and outer concrete walls with steel sheeting 
 removing the "wine wall" 
 removing the polystyrene insulation from between the concrete walls 
 
Figures 9 and 10 show the predicted effect of the above scenarios and Table 5 summarizes 
the predictions as before and compares these with the original predicted values. 
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Parameter Original 
Prediction 
(0C) 
No  
Wine 
(0C) 
No 
Concrete
(0C) 
No 
Polystyrene 
(0C) 
Winter Period 
Average temperature 13.3 13.4 13.2 11.2 
Maximum temperature 15.4 16.7 15.6 14.3 
Minimum temperature 11.9 10.8 11.3 8.2 
Summer Period 
Average temperature 22.2 22.4 22.2 21.9 
Maximum temperature 25.0 27.7 25.9 26.8 
Minimum temperature 20.2 19.3 19.8 18.0 
 
Table 5 Effect of insulation, concrete and wine barrels on the predicted average, 
maximum and minimum temperatures in the summer and winter periods 
 
In the winter period, Figure 9 clearly shows that it is the polystyrene insulation within the 
concrete panels that has the greatest impact on the minimum temperature within the store. 
The temperature falls significantly at all times relative to the other predictions and this is 
confirmed by Table 5, which shows that the average temperature without the polystyrene 
insulation would be 2.10C below the original prediction. The minimum temperature would 
also fall significantly to 8.20C. The maximum temperature in winter falls, as expected, when 
the insulation is removed because the average outside ambient temperature is only 8.40C 
during the period. The removal of wall insulation in summer produces a fall in the average 
temperature of 0.30C, bringing it slightly closer to the desired the upper temperature limit.  
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The maximum temperature, however, rises by 1.80C and the wine store air temperature now 
swings across a range of 180-26.80C, compared to 20.20-250C previously.  
 
6.00
8.00
10.00
12.00
14.00
16.00
18.00
6-Jun 13-Jun 19-Jun 26-Jun 3-Jul
Date
measured
no insulation
no wine
no concrete
original prediction
no wine
no insulation
no concrete
 
 
Figure 9 Effect of wine, concrete and insulation on predicted temperatures in winter 
 
 
However, removal of any capacitance (wine or concrete walls) in winter allows the internal 
maximum temperature to rise, although the "wine wall" is more influential than the concrete. 
The removal of capacitance also allows the minimum temperatures to fall relative to the 
original predictions. These changes confirm the earlier observation that the assumed level of 
capacitance may have been over-estimated because the maximum and minimum temperatures 
had originally been under and over-predicted respectively.  
 
In the summer period, the greatest increase in the maximum temperature occurs when the 
thermal capacitance of the wine is removed from the model (Figure 10). An increase of  
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2.70C is predicted (Table 5). The next most influential element is the polystyrene insulation, 
which when removed, causes the maximum temperature to rise by 1.80C above the original 
prediction. The removal of the concrete mass of the walls has the least effect of the three 
elements in preventing undesirable rises or falls in temperature in both the summer and 
winter periods. 
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Figure 10 Effect of wine, concrete and insulation on predicted temperatures in summer 
 
 
In both the summer and winter month, it is evident that the thermal capacitance of the wine is 
the dominant influence on the stability of the wine store's internal air temperature, even 
though it is only weakly connected to this air by natural convection. Although the concrete 
walls perform as a classic thermal mass element directly exposed to solar radiation, they are 
less important on the final internal wine store air temperature than the wine.  
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Conclusions 
The measurements taken during February and June of 2000 indicate that in the summer 
month the internal wine store temperature ranged between 19.90 and 26.50C, and in winter 
month the temperature was between 100 and 15.80C. The average internal wine store 
temperatures for those winter and summer months were 13.70 and 22.80C respectively. These 
values were outside the temperature range sought by the winery and indicate that further 
measures are required to produce the desired conditions in the summer and winter months.  
 
However, the measurements also indicate that the building was likely to have been within the 
desired range of 150 to 200C for most of the year, thus partly meeting the temperature 
requirements of the owner. The relative humidity levels in the winter and summer months 
investigated were also above and below the desired level respectively, but these conditions 
would have improved if the average store temperatures had been within the desired range. 
Although the mean temperature differences in summer and winter at 0.3 and 5.0 metre 
heights were comparable, there was greater stratification in this store on individual days 
compared to the limited data from another insulated winery [1]. Despite these shortcomings, 
the measurements do indicate that the temperature and humidity within the store are 
relatively stable compared to ambient conditions. The provision of a more stable internal 
environment in terms of temperature and humidity, compared to their previous wine store, 
was one of performance objectives set by the winery for their new wine store.  
 
The measurements taken in the wine store were used to validate a simulation model of the 
building and its contents, and then this model was used to investigate the contribution made 
by the wine, concrete walls and polystyrene insulation in the walls to the thermal 
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environment within the store. The simulation results indicate that it is the thermal capacitance 
of the wine and the insulating effect of the polystyrene, which are largely responsible for the 
favourable ambient conditions within the store, rather than the thermal capacitance of the 
concrete walls. The thermal capacitance of the wine itself prevents excessively high 
temperatures occurring in the summer month and the polystyrene insulation prevents 
excessively low temperatures occurring in the winter month. Our results and feedback from 
the winery indicate that the temperature in the store exceeds the desired level on hot days in 
summer. It should be possible to use the validated model to prove the effectiveness of 
strategies such as installing reflective foil in the roof and employing natural ventilation at 
appropriate times to overcome or at least reduce the occurrence of this problem. 
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